Several recent papers have shown that an accretion disk corona model, where a slab corona sandwiches the cold accretion disk, is problematic for hard-state spectra of galactic black hole candidates (GBHCs) because the model spectra are never hard enough to match the observations. However, it has recently been pointed out that because of a thermal ionization instability, a hot "" skin ÏÏ forms on the top of the illuminated disk. Through numerical simulations in the slab corona geometry, we show that the completely ionized skin leads to a reduction in the reÑected thermal blackbody component that amounts to a decrease in the Compton cooling rate of the corona and thus allows the X-ray spectra to be harder. While this brings the model closer to observations, in order for the predicted spectrum to be as hard as the observed spectra of Cyg X-1, the Thomson optical depth of the transition layer must be greater than 10, which is inconsistent with the ionization physics and observations. Therefore, the model with a planar corona covering the whole accretion disk is still strongly ruled out by the observations of GBHCs. Finally, we discuss accretion disks with magnetic Ñares (i.e., "" patchy ÏÏ corona) and show that the ionized skin resolves many of the arguments made in the literature against this model, although more quantitative future work is needed to test the model thoroughly.
INTRODUCTION
The X-ray spectra of Seyfert galaxies and galactic black hole candidates (GBHCs) indicate that the reÑection and reprocessing of incident X-rays into lower frequency radiation is a ubiquitous and important process. It was originally thought that for Seyfert galaxies, the X-ray energy spectral index hovers near a "" canonical value ÏÏ (! D 1.95 ; Pounds et al. 1990 ; Nandra & Pounds 1994 ; Zdziarski et al. 1996) after the reÑection component has been subtracted out of the observed spectrum. The universality of this X-ray spectral index may be attributed to the fact that the reprocessing of X-rays within the cold accretion disk leads to an electron cooling rate that is roughly proportional to the heating rate inside the active regions (Haardt & Maraschi 1991 Haardt, Maraschi, & Ghisellini 1994 ; Svensson 1996) . More recent observations, however, show a considerably larger spread in indices (see, e.g., Zdziarski, Lubin ski, & Smith 1999) . Nevertheless, the model remains attractive because several active galactic nuclei show extremely broad Fe Ka line proÐles (e.g., Tanaka et al. 1995 ; Nandra et al. 1999) . In addition, the discovery that the accretion disk viscosity is driven by a magnetic dynamo (Balbus & Hawley 1991) that also leads to formation of a hot corona above an accretion disk (Miller & Stone 2000) provided additional support to the simple physical arguments made by Galeev, Rosner, & Vaiana (1979) .
Although the X-ray spectra of GBHCs in the hard state are similar to those of Seyfert galaxies, they are harder (most have a power-law index of ! D 1.7) and the reprocessing features are less prominent (Zdziarski et al. 1996 ; Dove et al. 1998) , although there are exceptions to the latter rule (e.g., . Dove, Wilms, & Begelman (1997) demonstrated that in the case of the global slab-geometry accretion disk corona (ADC) model, for a given coronal optical depth, no self-consistent coronal temperature is high enough to produce a spectrum both as hard and with an exponential cuto † at an energy as high as that of Cyg X-1. This argument does not apply for a patchy corona geometry, since most of the photons reprocessed in the disk can escape to the observer without reentering the X-ray source, thus decreasing the cooling rate and increasing the cuto † energy in the spectrum (e.g., Stern et al. 1995 ; Poutanen & Svensson 1996) . In the latter case, however, et al. (1997) showed that because most Gierlin ski of the X-ray photons illuminating the disk are thermalized (e.g., Magdziarz & Zdziarski 1995) , one also expects to see in the spectra a roughly equal amount of energy in the thermalized component, which is not the case for Cyg X-1 in the hard state (e.g., Zhang et al. 1997) . Furthermore, one also should observe strong iron lines and the reÑection component with strength comparable to that seen in Seyfert 1 galaxies. For these reasons, Dove et al. (1997) , Gierlin ski et al. (1997) , and Poutanen, Krolik, & Ryde (1997a) concluded that the geometry of a cold disk sandwiched by a hot corona, whether full or patchy, is inconsistent with observations. Several other authors came to similar conclusions based on studies of X-ray transient sources Done, & (Z 0 ycki, Smith 1998 , 1999 Done & 1999) . Z 0 ycki However, this result is sensitive to the assumption that the accretion disk is relatively cold, such that the integrated X-ray albedo of a D 0.1, i.e., about 90% of the reprocessed coronal radiation, is reemitted by the disk as thermal radiation (with a temperature D150 eV). It is this thermal radiation that dominates the Compton cooling rate within the corona. Recently, Nayakshin, Kazanas, & Kallman (2000, hereafter NKK) developed an approach to the X-ray reÑec-tion problem that determines the gas density via hydrostatic balance rather than assuming it to the disk midplane value. In accordance with some earlier studies (Raymond
1993 ; Ko & Kallman 1994 ; & Czerny 1996) , they Ro z5 an ska found that because of the thermal ionization instability (Krolik, McKee, & Tarter 1981) , the illuminated gas breaks into (usually) two well-deÐned layers. The uppermost layer of material forms a low-density "" skin,ÏÏ which is almost completely ionized and has a temperature equal to or a little below the Compton gas temperature (the maximum one that can be reached because of radiation heating of the gas). The most important mechanism by which radiation is reprocessed in this skin is Compton scattering.
Immediately below the skin, a sharp transition to a cooler gas occurs. For hard X-ray spectra extending to keV, Z100 the transition is almost discontinuous for purposes of radiation transfer and spectrum formation (see Appendix in NKK). The temperature of the cooler gas is close to the e †ective temperature, i.e., much lower than the Compton one. Because the transition between these two layers occurs at a constant gas pressure (due to the hydrostatic balance), the density of the cold layer is much higher than that of the skin. Therefore, its ionization state is low, and the material absorbs and reÑects X-rays of medium to hard energy in a manner similar to a neutral material. Done & Nayakshin (2001) and Ballantyne, Ross, & Fabian (2001) demonstrated that this discontinuous ionization structure may be responsible for the observed !-reÑection fraction correlation (e.g., Zdziarski et al. 1999 ; .
All of the X-ray reÑection studies referenced above concentrated on solving the ionization structure of the material, assuming a given X-ray spectra illuminating the disk. However, the X-ray albedo a is of course a strong function of the Thomson depth of the transition region (i.e., the skin), Given the importance of Compton cooling in the energy q tr . balance of the hot electrons (e.g., Poutanen & Svensson 1996) , the changes in the albedo will inÑuence the coronal temperature and the X-ray spectrum emitted by the system. An investigation of this e †ect is the purpose of this paper.
In°2, we make estimates of physical parameters appropriate for the magnetic Ñare model of Cyg X-1 and show that the physics of the thermal ionization instability requires a formation of the ionized skin on the top of the disk. In°3, we quantify the inÑuence of the hot ionized skin on the X-ray spectrum of a plane-parallel corona. Although this geometry is di †erent from that appropriate for the magnetic Ñare model, qualitative e †ects of the ionized skin should be similar. An additional motivation for us to study this geometry is that there are fewer parameters than for the magnetic Ñare model, and we can also solve the problem with high accuracy by employing the nonlinear Monte Carlo routine of Dove et al. (1997) to solve the radiation transfer problem of the system. Our conclusion is that whereas the completely ionized skin does indeed help to bring the slab-geometry ADC model of Dove et al. (1997) closer to observation of the continuum spectra, it does so at the expense of the Fe Ka line and the reÑection component, and therefore this geometry is still strongly ruled out by the existing observations.
Finally, in°4, we summarize our results for the planeparallel corona and discuss how these can be extended to the geometry of magnetic Ñares above the accretion disk. We Ðnd that the presence of the ionized skin challenges self-consistency of all of the arguments put forward against the model in the literature, since all of these arguments were based on the assumption of a cold, weakly ionized reÑector. Nevertheless, we caution that the "" Ðnal ÏÏ answer on whether the model indeed works for Cyg X-1 will be available only when more detailed full disk models are developed and tested against the data.
THE FORMATION OF THE IONIZED SKIN
The purpose of this section is to demonstrate that the ionized skin will inevitably form on the surface of an accretion disk illuminated by magnetic Ñares for parameters appropriate for the hard-state spectra of GBHCs. The twophase model was put forward by Haardt & Maraschi (1991 to explain the spectra of Seyfert galaxies. Haardt et al. (1994) pointed out that observations are inconsistent with a uniform corona and introduced a patchy corona, where each "" patch ÏÏ is a magnetic Ñare (also referred to as an active region). The key assumptions of the model are that (1) during the Ñare, the X-ray Ñux from the active region greatly exceeds the disk intrinsic Ñux, and (2) the compactness parameter l of the active region is large, so the dominant radiation mechanism is Comptonization of the disk thermal radiation. We wish to apply the same model to the X-ray spectra of GBHCs, and we employ the same assumptions.
As discussed below, we argue for the existence of a transition layer in the vicinity of an active coronal region (see Fig. 1 ). Since the Ñux of ionizing radiation is proportional to (1/d2) cos i P d~3 (where i is the angle between the normal of the disk and the direction of the incident radiation Ðeld and d is the distance between the active region and the position on the disk), the ionization state of the disk surface will vary across the disk. Consequently, only the gas near the active regions (with a radial size about a few times the size of the active region, situated directly below it) may be highly ionized.
Because of the decrease of the Ñux with distance away from the Ñare, most of the reprocessing of coronal radiation will take place in the transition regions ; in addition, most radiation emitted by the disk that propagates through the active regions will have been emitted in the vicinity of the transition regions. Therefore, in this paper we will consider only a one-zone model consisting of the active region, the transition layer, and the underlying cold disk. For simplicity, we will assume that the vertical size of the transition region is much smaller than its extent parallel to the disk plane. We then can neglect the radiation transfer in directions parallel to the disk surface, and we thus use a planeparallel geometry.
FIG. 1.ÈGeometry of the active region (AR ; magnetic Ñare) and the transition layer. Magnetic Ðelds containing an AR and supplying it with energy are not shown. Transition region is deÐned as the upper layer of the disk with a Thomson depth of about a few, where the incident X-ray Ñux is substantially larger than the intrinsic disk Ñux. The rest of the disk surface receives little X-ray Ñux from the given AR, so the spectral reprocessing there is not considered.
The X-ray radiation ram pressure on the illuminated gas is equal to where is the Ñux from the magnetic Ñare F x /c, F x as seen by the transition region. If the distance from the center of the active region to the transition layer is D and the size of the active region is *R, then the X-ray Ñux incident on the disk is connected with the X-ray Ñux from the Ñare measured at the surface of the active region, as F x,0 , where we deÐne a param-
In order to deduce implicitly, we would need to F x,0 model the magnetic Ñaring event, where we would have to specify the magnetic Ðeld intensity and the rate at which the energy is released in the Ñare (in a way similar to, e.g., Haardt et al. 1994) . However, such an approach would yield very model-and parameter-dependent results since F x,0 would strongly depend on the viscosity parameter a, the reconnection timescale, and the way the magnetic Ðeld is connected with the pressure in the accretion disk midplane (e.g., Nayakshin 1998, their°2.5.2). Many of these parameters are poorly constrained, and thus we decided that this approach was not feasible. Instead, we use the fact that radiative processes limit the range of values of the compactness parameter of the active region,
In particular, l needs to be larger than D0.01È0.1 in order for Comptonization to dominate over the bremsstrahlung emission (e.g., Fabian 1994 ; Nayakshin 1998,°2.4) . If pair creation is important in establishing the Thomson depth of the source, then l is expected to be larger than unity (e.g., Poutanen & Svensson 1996 ; Poutanen, Svensson, & Stern 1997b ; but see Nayakshin & Melia 1997) . The size of the active region *R is likely to be of the order of the accretion disk height scale H (e.g., Galeev et al. 1979 ). Further, note that H is independent of the unknown a parameter for the radiation-dominated disks and is very weakly dependent on it for the gas-dominated disks (see Svensson & Zdziarski 1994) ; thus, the estimate of based on the compactness F x,0 parameter allows one to put a rather tight lower limit on the X-ray Ñux from magnetic Ñares (if the limit is not obeyed, the X-ray spectrum cannot be explained adequately and the whole model does not make sense). We deduce the disk height scale from the ratio H/R, estimated from the gas-pressureÈdominated solution of Svensson & Zdziarski (1994) : (2) where a is the viscosity parameter, is the M 1 4 M/10 M _ mass of the black hole, f is the fraction of accretion power dissipated into the corona (averaged over the whole disk), r is the radius relative to the Schwarzschild radius R S 4 (i.e., and J(r) \ 1 [ (3/r)1@2. For the case 2GM/c2 r 4 R/R S ), of the hard state of Cyg X-1, most of the bolometric luminosity is in the hard X-ray band (e.g., Zhang et al. 1997 ; . Thus, most of the accretion energy Gierlin ski must be dissipated directly in the corona, i.e., 1 [ f > 1 (Haardt & Maraschi 1991 ; Stern et al. 1995) . Although highly uncertain, the dimensionless accretion rate, m 5 4
for Cyg X-1 seems to be around 0.02.
is the accretion rate, g \ 0.056 is the efficiency for M 0 the standard Shakura-Sunyaev disk, and is the Svensson & Zdziarski (1994 ;  i.e., Finally, we can invert m 5 4 g ] m 5 SZ ). equation (1) assuming that *R D H in order to estimate the X-ray Ñux for r \ 6 as follows :
A m 5 0.02
For Cyg X-1 parameters, we Ðnd that the intrinsic disk Ñux (see Svensson & Zdziarski 1994 ) is
0.02
Thus, we estimate the X-ray Ñux to be much larger than the intrinsic disk emission if 1 [ f > 1 and the compactness parameter l ? 0.01, and hence the conditions for validity of the two-phase model (e.g., Haardt et al. 1994 ; Stern et al. 1995 ; Poutanen & Svensson 1996) are satisÐed. We now consider the hydrostatic equilibrium for the disk surface layer (up to the Thomson depth of before q tr D few) the occurrence of a Ñare (or, equivalently, far enough from the Ñare). On the top of the transition layer the gas pressure is equal to zero, whereas at the bottom, assuming that it is located at the height z D H above the midplane,5 it is
where we again assume r \ 6. Near an active magnetic Ñare, the ratio of the incident radiation pressure to the unperturbed accretion disk atmosphere pressure is
As explained in Krolik et al. (1981) , the thermal instability occurs when the gas pressure is below a fraction of P 0 F x /c, so equation (6) shows that the thermal instability indeed can occur in the accretion disk atmosphere exposed to the ionizing radiation from magnetic Ñares in GBHCs for the accretion rate thought to be appropriate for Cyg X-1.
In a planar geometry ADC, the Thomson depth of the hot skin can be found by solving the ionization, energy, and hydrostatic balances for the illuminated gas simultaneously with the radiation transfer ; see Raymond (1993) , Ko & Kallman (1994 ), & Czerny (1996 , and NKK. As Ro z5 an ska discussed by NKK, in the geometry appropriate for magnetic Ñares (see Fig. 1 ), the X-rays induce evaporative winds from the illuminated region (see, e.g., Basko & Sunyaev 1973 ; Alme & Wilson 1974 ; London, McCray, & Auer 1981 for X-rayÈinduced winds in the stellar case). These winds are not global ; that is, the gas cannot escape to inÐnity because the Compton temperature is well below the virial 5 In principle, one should have also taken into account the fact that the photosphere of the disk can be located higher than 1 scale height, but we found that this e †ect would increase the estimate for by a factor of only P 0 D3, which we neglect. 
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NAYAKSHIN & DOVE Vol. 560 temperature of the inner disk (Begelman, McKee, & Shields 1983) . However, the gas can Ñow sideways from the Ñare, changing the Thomson depth of the hot phase. Thus, we cannot simply use the approach of NKK, for example, who determined based on the hydrostatic balance for the q tr illuminated gas, and instead we treat the Thomson depth of the ionized skin as a free parameter.
GLOBAL ACCRETION DISK CORONA MODELS WITH A TRANSITION LAYER
3.1. Physical Setup We now explore how the ionized skin a †ects the physical properties of the coronal gas and the spectrum of escaping radiation. Because of uncertainties in geometry of magnetic Ñares and difficulties connected with multidimensional radiation transfer, we choose to study a much simpler planar geometry ADC model. The e †ects described below have to do entirely with the change in the X-ray albedo of the ionized skin, and therefore we expect that the systematic trends found for the global ADC models should occur also for the patchy model, with the main di †erence being that the maximum coronal temperature of the patchy model is always higher.
Our global ADC model contains three regions : (1) a cold accretion disk, assumed here to have a temperature kT bb \ eV ; (2) the transition layer, situated directly above the 150 cold disk ; and (3) the corona, situated directly above the transition layer. We use a nonlinear Monte Carlo (NLMC) routine (Dove et al. 1997 ) to solve the radiation transfer problem of the system. The free parameters of the model are the seed optical depth, (the optical depth of the corona q e excluding the contribution from electron-positron pairs), the blackbody temperature of the accretion disk and its compactness parameter, and the heating rate (i.e., the l bb , compactness parameter), of the ADC. For our numerical l c , tests, we chose in order to be consistent with the l bb \ 0.01 deÐnition of the disk compactness parameter, i.e., l bb 4 according to which
The temperature structure of the corona is determined numerically by balancing Compton cooling with the heating, where the heating rate is assumed to be uniformly distributed. The e~e`Èpair opacity is given by balancing photon-photon pair production with annihilation. Reprocessing of coronal radiation in the cold accretion disc is also treated numerically. For a more thorough discussion of the NLMC routine, see Dove et al. (1997) . The ionized skin is treated identically to the corona, except here the temperature is found by balancing Compton heating and cooling. The skin is divided on eight shells, each with equal optical depth of *q \ q tr /8.
Resulting Continuum Spectra
In the case of a cold nonionized disk, as much as 80%È90% of the incident X-ray Ñux is thermalized and reradiated at the disk temperature ; i.e., the X-ray integrated albedo is only 0.1È0.2 (e.g., Magdziarz & Zdziarski 1995) . Because of this low value of the X-ray albedo, as discussed by Dove et al. (1997) , for a given total optical depth of the planar corona there exists a maximum coronal temperature above which no self-consistent solution of the coronal heating/cooling equation exists. Increasing the compactness parameter of the corona while keeping the diskÏs intrinsic compactness parameter Ðxed does not help because higher values of l give rise to a higher optical depth, due to pair production, and ultimately a lower coronal temperature (see also Fabian 1994 in this respect) . This is one of the main problems with the slab-geometry corona model for Cyg X-1.
However, a completely ionized transition layer situated on the top of the disk will increase the X-ray albedo. In Figure 2 , we show how the average coronal temperature varies with the optical depth of the hot skin. The resulting broadband spectra for the model parameters tested are presented in Figure 3 . Note that larger values of lead to q tr harder spectra and smaller thermalized component (we assume the thermal temperature of the disk to be kT bb \ eV). This e †ect is entirely due to the increase in the 150 integrated X-ray albedo ; as the Thomson depth of the transition layer increases, more of the X-rays incident on the disk are scattered and reÑected back rather than absorbed and reemitted thermally. Thus, compared to models without a transition layer, the Ñux is higher between the thermal excess and the neutral reÑection component that peaks at D30 keV (see, e.g., Nayakshin 1998,°4 ; Ross, Fabian, & Young 1999 ; NKK) . Since, on average, the reÑec-ted photons are more energetic than a thermal photon, they can gain less energy from the electrons (i.e., the maximum energy to be gained is about a few times where kT [ E 0 , E 0 is the initial photon energy). Hence, the cooling rate within the corona decreases and the optical depth of the transition layer increases, and therefore the self-consistent temperature of the corona increases.
The maximum temperature appears to approach an asymptotic value as the optical depth of the transition layer becomes much larger than unity. Although for there q tr ? 1 is minimal reprocessing of hard X-rays in the cold disk, there is still "" reprocessing ÏÏ in the transition layer. As q tr increases, more coronal radiation is downscattered to the Compton temperature of the transition layer, which is keV. Therefore, even in the limit of inÐnite kT tr D (1È4) q tr , Compton cooling of the corona by this reprocessed radiation is not zero. et al. (1997) have shown that the corona disk Gierlin ski model predicts very strong reprocessing features and thermal bump, much stronger than those observed in the hard-state spectrum of Cyg X-1. For example, Zhang et al. (1997) shows that Cyg X-1 luminosity in the hard state below 1.3 keV, although highly uncertain, is about 5 ] 1036 ergs s~1, whereas the luminosity above 1.3 keV is D(3È 4) ] 1037 ergs s~1. This is impossible in the context of the neutral reÑection model since most of the X-radiation incident on the cold disk is reprocessed into thermal radiation ; thus, the minimum luminosity below 1 keV should be roughly equal to that of the high-energy component. Our "" three-phase ÏÏ model avoids this problem by having the albedo of the transition layer high enough that most of the incident high-energy radiation is reÑected back into the corona.
In addition, for the coronal temperature is high q tr Z 10 enough that the corresponding spectrum of escaping radiation is hard enough to describe the observations of Cyg X-1. (The canonical value of the photon power-law index of Cyg X-1 is ! \ 1.7 ; for this power law corresponds q c \ 0.3, to keV.) However, it is probably unphysical to kT c D 150 assume that the transition layer is completely ionized for such large depths. In addition, as mentioned in°3.3, results of NKK show that for all the reprocessing features q tr Z 2 (e.g., the Ka line) are completely smeared out, whereas observations of Cyg X-1 do show an Fe Ka emission line (e.g., Ebisawa et al. 1996) . Therefore, even with the advent of transition layers, the global slab-geometry ADC model cannot be made consistent with observations. et al. (1997) also found that an anisotropy Gierlin ski break (that is not seen in Cyg X-1 data) is always present in the patchy two-phase model. As was discussed in Poutanen & Svensson (1996) , the anisotropy break occurs where the distribution of the second-order scattering (of the disk radiation in the corona) peaks. However, we found no anisotropy break in our numerical tests. While one of the reasons for this could be that we presented angle-averaged spectra, the most important mechanism for diluting the anisotropy break in the physical setting of our model is the following. The reprocessed continuum is no longer the blackbody emission (which was assumed by et al. 1997 and Gierlin ski Poutanen & Svensson 1996) and is quite broad (see Fig. 4 .7 in Nayakshin 1998 and Figs. 5È7 in NKK) . The Compton scattering in the transition layer broadens any intrinsic disk emission, and therefore the second-order scattering of the reprocessed continuum becomes a very di †use function with a shallow peak. For the "" peak ÏÏ in the secondq tr Z 1, order scattering simply cannot be deÐned.
ReÑection Component and the Iron L ines
The presence of the completely ionized skin signiÐcantly reduces the visibility of the reÑection component and the Fe Ka lines and edges (NKK ; Done & Nayakshin 2001 ; Ballantyne et al. 2001) . The main e †ect here is again Compton scattering in the skin : some of the photons incident on the disk will be reÑected back with little change in energy. In addition, line photons emitted by the cold layers may be scattered in the skin as well. Some of them will be sent back to the cold disk where they are most likely absorbed. Similarly, the nonzero value of reduces the apparent reÑec-q tr tion component (see Fig. 2 in Done & Nayakshin 2001) because some of the hard X-rays do not penetrate through the transition layer. The spectrum gets softer as it approaches the cold disk, and thus fewer X-rays are available for creating the characteristic reÑection hump. To expose this e †ect in our simulations, we show in Figure 4 how the internal spectrum (averaged over all angles) varies throughout the transition layer and the corona.
DISCUSSION AND CONCLUSIONS

Slab Coronae
We have studied the e †ects of an X-rayÈheated, completely ionized transition layer on the energy balance and predicted high-energy spectra of the two-phase ADC model. Because of Compton scattering in the ionized transition layer, a larger fraction of incident X-rays are Compton reÑected back into the corona without being reprocessed by the cold disk. Thus, the Compton cooling rate within the NAYAKSHIN & DOVE Vol. 560 corona is lower than previous two-phase models, and selfconsistent coronal temperatures increase with increasing transition disk optical depth. As a result, the predicted spectra are harder and contain less reprocessing features as compared to the previous two-phase models, alleviating problems that previously plagued slab or patchy coronal models when applied to black hole candidates such as Cyg X-1. For plane-parallel ADC models with we Ðnd q c D 0.3, that the coronal temperature can be as high as D150 keV only if the optical depth of the transition layer is q tr Z 10. The assumption that such an optically thick transition disk is completely ionized is physically inconsistent (see Nayakshin & Kallman 2001) . Additionally, such a large value of q tr would imply no 6.4 keV Fe Ka emission and no visible reÑection hump, which is inconsistent with observations. Therefore, the model with a planar corona covering the whole accretion disk still seems to be problematic in explaining the observations of GBHCs for any value of q tr . Finally, after this paper had been submitted, it was discovered that the ionized skin will not even form in the geometry of the slab coronae because of the additional weight of the corona itself (which causes the gas below the corona to be too dense to stay highly ionized ; see°5 of Nayakshin & Kallman 2001 ; ). ThereRo z5 an ska fore, this model is most strongly ruled out.
Magnetic Flares
Let us now brieÑy discuss the model with magnetic Ñares. An important di †erence from the slab coronae case is that because not all of the thermalized soft emission reenters the active regions (see Fig. 1 ), the latter can be much hotter than the slab corona (e.g., Stern et al. 1995 ; Poutanen & Svensson 1996) . There is thus no difficulty in making the X-ray continuum as hard as the one observed for Cyg X-1 (even if no skin is present).
However, it is thought that there are four additional difficulties with this model : (1) an anisotropy break is present that is not seen in the data et al. 1997) ; (2) the (Gierlin ski reÑection fraction and the iron line correspond to a covering fraction of about unity, whereas D0.3 is actually observed et al. 1997 ; Done & 1999) ; (3) the (Gierlin ski Z 0 ycki extremely relativistically broadened components in the observed spectra that are expected if the disk goes all the way down to are absent (e.g., Done & 1999) ; and 3R S Z 0 ycki (4) the thermalized disk emission is expected to be at least one-half of the bolometric luminosity, whereas much smaller values are seen (e.g., Zhang et al. 1997 ; et Gierlin ski al. 1997 ; Poutanen et al. 1997a ).
The difficulty with the anisotropy break is reduced by the scatterings in the skin, as is explained in°3.2. Two other e †ects are expected to reduce the anisotropy break for the magnetic Ñare model (even for
The Ðrst is the q tr \ 0). variance of the temperature of the disk emission with distance from the Ñare (which we and other authors neglected). The thermalized disk spectrum reentering the active region is a sum of many blackbodies with di †erent temperatures, whereas et al. (1997) assumed a blackbody with a Gierlin ski single temperature. Finally, since the overall spectrum is a sum of Ñares with a distribution of temperatures and optical depths, second-order scattering will yield di †erent ampliÐ-cation factors for the soft photons entering di †erent Ñares, which will further dilute the break. Thus, in a realistic setting of the two-phase patchy corona model, the anisotropy break may be too weak to be observed.
The remaining three difficulties may all be resolved by a moderately thick and completely ionized skin underneath a Ñare. Reduction of the apparent reÑection component and Fe Ka lines was brieÑy mentioned in°3.3 and described in much more detail in Ross et al. (1999) , NKK, Nayakshin (2000), Done & Nayakshin (2001) , and Ballantyne et al. (2001) , so we refer the reader to these publications. The thermalized component is also reduced because of the presence of the skin, since this component is proportional to 1 [ a, where a is the angle-averaged and energy-integrated X-ray albedo, which increases as increases (see Sobolev q tr 1975 ; . In addition, Beloborodov (1999a Beloborodov ( , 1999b suggests that anisotropic X-ray emission from the Ñare may be another mechanism that explains difficulties 2 and 3 listed above.
Finally, we note that our calculations have been performed under a steady-state assumption, and therefore we cannot make any statements about the recent results of , who found that the amplitude of the reÑection features depends on the Fourier frequency. The investigation of these issues should await development of time-dependent gasdynamical codes for X-ray reÑection capable of dealing with nonequilibrium situations (see 
